Visceral leishmaniasis (VL) is a disease caused by the protozoa Leishmania infantum and can cause an inflammatory reaction in the gastrointestinal tract, however the role of granulocytic cells (neutrophils, eosinophils, and mast cells) in the intestine of dogs infected is not fully understood. We performed a quantitative analysis these cells in the intestinal wall of dogs with canine visceral leishmaniasis (CVL). Twenty dogs were assigned to one of three groups: group 1 (G1, n=8), dogs with CVL and L. infantum amastigotes in the intestine; group 2 (G2, n=9), dogs with CVL but without intestinal amastigotes; and group 3 (G3, n=3), uninfected dogs (control group). Granulocytic cells were counted in the crypt-villus unit (mucosa), submucosa, and muscle layer of the intestinal mucosa. Cell counts were higher in the intestinal wall of dogs from G2 followed by G1 and G3 (p≤0.05). In G1, there was a low inverse correlation between parasite burden of the small intestine and granulocyte counts (r= -0.1, p≤0.01). However, in G2 dogs, mast cell and eosinophil numbers showed positive correlation (r=0.85, p≤0.01). The granulocytic cell hyperplasia observed in the intestine of L. infantum-infected dogs suggests that these cells may be involved in the cell-mediated immune response for parasite elimination.
Introduction
Canine visceral leishmaniasis (CVL) is a parasitic disease caused by protozoa of the genus Leishmania (ROSS, 1903) . The species Leishmania infantum (syn. L. chagasi) is the causative agent of visceral leishmaniasis in the New World, with endemic regions extending from southern USA to northern Argentina, including Brazil (KUHLS et al., 2011) .
The main route of transmission to humans and animals is through the bite of the sandfly species Lutzomyia (L.) longipalpis (Diptera: Psychodidae: Phlebotominae) (PORROZZI et al., 2006) . After the parasite is inoculated into the host skin, it multiplies inside the cytoplasm of macrophages.
The infection affects the liver, spleen, lymph nodes, bone marrow and other organs in the gastrointestinal, central nervous, genital, and urinary systems (CHIAPELLA, 1986; BLAVIER et al., 2001; DINIZ et al., 2005; GIUNCHETTI et al., 2008; MOREIRA et al., 2016) . Classic canine leishmaniasis appears clinically as a chronic wasting disease, with anemia, cutaneous lesions, generalized lymphadenopathy, glomerulonephritis, epistaxis, chronic colitis, hemorrhagic diarrhea, arthritis, ophthalmic lesions, keratoconjunctivitis or uveitis (FERRER et al., 1991; CIARAMELLA et al., 1997; BLAVIER et al., 2001; TAFURI et al., 2001 ).
An inflammatory reaction in the gastrointestinal tract associated with the presence of intramacrophagic Leishmania amastigotes has been reported in experimentally infected dogs (CHIAPELLA, 1986; KEENAN et al., 1984) and in naturally infected dogs (FERRER et al., 1991; PINTO et al., 2011; TOPLU & AYDOGAN, 2011; SILVA et al., 2016) . In experimental studies using hamsters as models for Leishmania infection, González et al. (1986) described the pathological alterations associated with inflammatory infiltration of lymphocytes, plasma cells and macrophages in the intestinal lamina propria and colon submucosa of infected animals. Although uncommon, occurrences of erosive and ulcerative colitis and hemorrhagic diarrhea have been described in dogs in association with severe clinical signs of the disease (GONZÁLEZ et al., 1990; FERRER et al., 1991) . However, the prevalence of Leishmania parasitism detected in the colonic mucosa through colonoscopy, but without overt colitis, was surprisingly high in dogs with symptomatic leishmaniasis (PLEVRAKI et al., 2007) .
More recently, Silva et al. (2002) , Pinto et al. (2011 ), Figueiredo et al. (2014 and Silva et al. (2016) investigated symptomatic dogs naturally infected with L. infantum. The authors observed high parasite burden throughout the intestinal mucosa (predominantly in the colon) without marked pathological alterations, suggesting that Leishmania may cause intestinal immunological tolerance.
After the onset of infection, the parasites are susceptible to the action of neutrophils, but with the rapid entry of amastigotes into macrophages, they escape the microbicidal mechanisms of neutrophils (MACHADO et al., 2004) and begin to proliferate inside the mononuclear phagocytic system. The function of neutrophils has been evaluated both in early and advanced stages of leishmaniasis in an attempt to understand the susceptibility of animals to the disease. Neutrophils are the first line of host defense (CIARLINI et al., 2010; GÓMEZ-OCHOA et al., 2010) . Other granulocytic cells such as mast cells and eosinophils are also important in the control of Leishmania spp. infection. Pearson & Steigbigel (1981) showed that eosinophils have microbicidal activity against Leishmania spp. and Wershil et al. (1994) reported that mast cells are involved in the regulation of immunity against several species of Leishmania.
The activation of eosinophils in a microenvironment containing interferon-gamma (IFN-γ) may stimulate the production of various inflammatory mediators. In addition, the expression of membrane receptors such as toll-like 4, 7, and 8 on the cell surface of eosinophils activated by IFN-γ could represent an important mode of interaction between eosinophils and Leishmania spp., promoting the elimination of the parasite by these cells (NAGASE et al., 2003) .
According to Cardoso et al. (2017) the mast cells may be involved in remodeling tissue of dogs naturally infected by L. infantum because of the low parasite load associated with higher numbers of mast cells observed in ear skin of infected dogs than in control group (healthy dogs).
Mast cells in the skin of mice infected with Leishmania major are required for the recruitment of macrophages during the formation of cutaneous granuloma, a typical characteristic of inflammatory response induced by the parasite. Skin protection by mast cells depends on the pathological effects of parasitic infection and is determined by its influence on the innate and adaptive immune responses (VON STEBUT et al., 2003) . Mast cells are important in host defense against pathogens (MAURER et al., 2006) and can regulate T-cell immune responses both directly (through expression of MHC Class II molecules and production of chemotactic factors, Th1 or Th2-related cytokines) and indirectly (through regulation of dendritic cell migration, maturation and function) (GALLI et al., 2005; GALLI et al., 2008) .
The population of granulocytic cells in the intestinal mucosa of dogs naturally infected with L. infantum with or without the parasite in the intestinal tract has not yet been characterized. Thus, the goal of this study was to quantify the different granulocytic cell types in L. infantum-infected dogs with and without intestinal infection and correlate the frequency of the cell types to each other and to parasite burden. The characterization of granulocytic cell populations may help understanding their role against this protozoan infection in the intestinal tract of dogs.
Material and Methods

Animals, study location, and ethical aspects
Twenty dogs of various breeds were included in the study: 17 dogs were symptomatic for CVL and three were uninfected controls; eight dogs (40%) were sexually intact males and 12 (60%) were intact females, with ages ranging from one to seven years (mean age: 3.2 years). Dogs with CVL were kindly donated by the Zoonosis Control Center (ZCC) from Ilha Solteira (51°06'35" W and 20°38'44" S) and by a Veterinary Clinic in the municipality of Andradina (20° 53' 38" S and 51° 23' 1" W), state of São Paulo, Brazil.
The diagnosis was confirmed in our laboratory using ELISA test, an indirect immunofluorescence antibody test (IFAT), both according to Oliveira et al. (2008) , and the polymerase chain reaction (PCR) as described by Cortes et al. (2004) .
The dogs were assigned to one of three groups: group 1 (G1, n=8), dogs with CVL with L. infantum amastigotes in the intestine; group 2 (G2, n=9), dogs with CVL without amastigotes in the intestine; and group 3 (G3, n=3), uninfected dogs (control group). Amastigotes detection was performed using a parasitological direct examination in microscope, an immunohistochemistry test and PCR. The dogs from G1 group were CVL polysymptomatic dogs and the main clinical signs observed were onychogryphosis, lymphadenomegaly, weight lost, skin lesions, apathy, opaque bristles and/or alopecia, conjunctivitis, anemia and diarrhea.
Dogs co-infected with L. infantum and other intestinal parasitic agents were excluded from this work.
The study was approved by the Ethics Committee for Animal Use (CEUA) of São Paulo State University, Ilha Solteira Campus (FEIS-UNESP), School of Natural Sciences and Engineering, Ilha Solteira, Department of Biology and Animal Science, under protocol no. 06/2014-CEUA.
Control group (uninfected dogs)
Uninfected dogs (G3) were euthanized after injuries they sustained in traffic accidents. Before death, the animals were attended at a veterinary clinic where feces, urine, lymph node, bone marrow, and blood samples were collected for clinical, parasitological, biochemical, serological, and molecular exams. The results of all exams were negative for CVL and the dogs had no clinical signs of leishmaniasis. After euthanasia, samples of intestinal tissues were collected.
The hepatic and renal function of control dogs was analyzed and all results were normal.
Euthanasia and necropsy procedures for tissue sample collection
Euthanasia and necropsy procedures of Leishmania infected dogs were performed in the ZCC from Ilha Solteira, SP, following procedure no. 1000/2012 from the Brazilian Federal Council of Veterinary Medicine (CFMV) as recommended by the Decree no. 51,838 of Brazilian Federal law published on March 14, 1963.
Following euthanasia, the abdominal cavities of dogs were opened for examination and organs and tissues were removed. First, the small intestine (duodenum, jejunum, and ileum) was separated from the large intestine (ascending colon) and 0.5-to 1-cm long fragments were collected, washed with phosphate buffered saline (PBS, pH = 7.4), and fixed in 10% buffered formalin in 0.01 M PBS for 24 h for histopathological and immunohistochemical procedures.
The necropsy and tissue collection of control dogs followed the same procedures as described above.
Feces samples and intestinal contents of the small and large intestines were collected after death, identified, packed in ice, and sent to the laboratory for parasitological analysis. The results showed that the dogs did not have any gastrointestinal parasites, with the exception of L. infantum amastigotes in the intestinal tissues of dogs from the G1 group.
Histological procedures
The intestinal tissues were fixed, embedded in paraffin, cut into 5-µm thick sections, and stained with hematoxylin and eosin (HE) for histological examination. HE-stained neutrophils were identified and counted. Histochemistry staining for mast cells and eosinophils were performed according to the technique described by Duffy et al. (1993) and immunohistochemistry was performed according to the procedures described by Tafuri et al. (2004) and adapted by Queiroz et al. (2010 Queiroz et al. ( , 2011 . After rinsing in distilled water, tissues were counterstained with Mayer hematoxylin, dehydrated, and the slides were mounted with coverslips using Canada balsam. As reaction control, one slide of each tissue was not incubated with the primary antibody. In addition, tissues from dogs in the control group (uninfected dogs) were used as negative control and tissues from L. infantum-infected dogs were used as the positive control. Two slides of each tissue from groups G1, G2, and G3 were analyzed.
Quantitative analysis of granulocytic cells
The number of neutrophils, eosinophils, and mast cells per crypt-villus unit (CVU) was determined in the intestinal mucosa of the small intestine (duodenum, jejunum, and ileum) and large intestine (ascending colon). For each intestinal segment, 15 CVUs were evaluated per animal. In the submucosa (SB) and muscle layer (ML), each cell type was counted in 15 0.5-mm 2 areas corresponding to 15 CVUs according to Neves et al. (2003) .
Cells were identified and counted in two sections per animal tissue of each group in a light microscopy under an objective lens of 40× for mast cells and 100× for eosinophils and neutrophils. Counting was carried out in a blind fashion, without previous knowledge of the infection status of the sample.
Statistical analysis
The homoscedasticity and normality of residues were checked using the Shapiro-Wilks test, and the homogeneity of variances was tested using the Levene's test. Mean neutrophil, eosinophil, and mast cell counts in CVU, SB, and ML from the three experimental groups (G1, G2, and G3) were evaluated by analysis of variance (ANOVA) using the F test, and group means were compared by the Tukey's test using the "agricolae" data package.
The correlation between cell numbers and parasite burden was determined using the Pearson's linear correlation coefficient. For all tests, 95% confidence intervals were calculated and p values ≤ 0.05 were considered significant. All analyses were performed using R statistical software version 3.1.1 (R CORE TEAM, 2018).
Results
Granulocytic cells (mast cells, neutrophils, and eosinophils) were quantified in the intestinal wall, including the mucosa, represented by crypt-villus units (CVUs), submucosa (SB), and muscle layer (ML), along three segments of the small intestine (duodenum, jejunum and ileum) and in the large intestine (colon). Granulocytic cell counts in the small and large intestines were significantly higher in G2 dogs followed by G1 dogs (p ≤ 0.05) than in control dogs (G3). Cell numbers were higher in CVUs (mucosa) than in the SB and ML layers. The numbers of neutrophils and eosinophils were significantly higher in the small intestine than in the large intestine in both groups (G1 and G2), but mast cell counts were similar in the small and large intestines.
In the mucosa (CVU), mast cell (stained in blue) counts were higher than neutrophil and eosinophil counts, both in the small and large intestines. Mast cells were abundantly distributed in the lamina propria of the villi and crypts ( Figure 1A and 1B) , and in the SB and ML, where they were seen associated with the myenteric nervous plexus ( Figure 1C ). Eosinophils, identified by red granules, were detected in villi and at the base of crypts ( Figure 1D and E). Neutrophils, identified by a polymorphic nucleus, were clearly observed in the villi and inside the small blood vessels ( Figure 1F ). Granulocytic cell counts (mast cells, neutrophils, and eosinophils) were significantly higher in the CVUs of G2 dogs, followed by G1 and G3 dogs (p ≤ 0.05; Figures 2A, 3A, and 4A) .
In the submucosa, mast cell and eosinophil counts in the duodenum, jejunum, and colon were significantly higher in G1 and G2 than G3. However, in the ileum, no significant differences were detected in mast cell and eosinophil numbers between the G1, G2, and G3 groups ( Figure 3B and 4B). Neutrophil counts were significantly higher in G2 than G1 and G3 in the jejunum, ileum, and colon, but no significant difference was detected across groups in the duodenum ( Figure 2B ).
In the ML, neutrophil and eosinophil numbers were similar across groups (p ≥ 0.05) in all intestinal segments ( Figure 2C and Figure 2 . Mean number of neutrophils across crypt-villus units (CVU), submucosa (SB), and muscle layer (ML) of the duodenum, jejunum, ileum, and colon of dogs with visceral leishmaniasis and infected with L. infantum amastigotes in the intestine (G1 = 8), dogs with leishmaniasis but no intestinal amastigotes (G2, n = 9), and uninfected dogs (control group, G3 = 3). The standard deviation (SD) of the mean is represented by the vertical lines above the bars. Different lowercase letters (a / b / c) indicate statistical difference between (G1, G2, and G3) within each intestinal segment at 5% probability (p ≤ 0.05). Analysis of variance (ANOVA), and Tukey's test. Program R version 3.1.1 (R CORE TEAM, 2018). Ilha Solteira, SP, Brazil, 2018. Mean number of eosinophils across crypt-villus units (CVU), submucosa (SB), and muscle layer (ML) of the duodenum, jejunum, ileum, and colon of dogs with visceral leishmaniasis and infected with L. infantum amastigotes in the intestine (G1 = 8), dogs with leishmaniasis but no intestinal amastigotes (G2, n = 9), and uninfected dogs (control group, G3 = 3). The standard deviation (SD) of the mean is represented by the vertical lines above the bars. Different lowercase letters (a / b / c) indicate statistical difference between (G1, G2, and G3) within each intestinal segment at 5% probability (p ≤ 0.05). Analysis of variance (ANOVA), and Tukey's test. Program R version 3.1.1 (R CORE TEAM, 2018). Ilha Solteira, SP, Brazil, 2018. Figure 3C ). However, mast cell counts were higher in the small intestine (duodenum, jejunum, and ileum) and were significantly different across groups (G2 > G1 > G3, p ≤ 0.05). In the large intestine, mast cell counts were significantly higher in G1 and G2 than G3 ( Figure 4C) .
In G1 dogs, there was a low inverse correlation between parasite burden of the small intestine and granulocyte counts (r = -0.1, p ≤ 0.01) whereas in G2 dogs, there was a positive correlation between mast cell and eosinophil numbers (r = 0.85, p ≤ 0.01).
Discussion
In this study, dogs in the G1 and G2 groups were symptomatic and positive for CVL, but only G1 dogs (40.0%, 8/20) had L. infantum amastigotes in the intestinal wall. Amastigotes of L. infantum were identified in the tissues by immunostaining and were observed outside and inside of macrophages in villi, crypts, submucosa, and circular or longitudinal smooth muscle layers of the small and large intestines, but particularly in the large intestine. Similar findings were reported by Silva et al. (2002) , Plevraki et al. (2007) , Pinto et al. (2011 ), Figueiredo et al. (2014 and Silva et al. (2016) , who described the intestinal mucosal alterations associated with mononuclear cellular infiltration, especially of macrophages, lymphocytes, and plasma cells. The clinical alterations of the gastrointestinal tract of the dogs of this study can be better understood in the work of Silva et al. (2016) In this study, we investigated the role of granulocytic cells (neutrophils, eosinophils, and mast cells) on intestinal leishmaniasis in dogs. We observed that cell numbers were increased in the intestinal mucosa, specifically in crypt-villus units and submucosa from dogs infected with L. infantum (G1 and G2 groups). This increase was significantly higher in G1 and G2 dogs when both groups were compared with the control group (G3). Mast cells were the most abundant cell type, followed by neutrophils and eosinophils.
Granulocytic cell numbers, especially those of neutrophils and eosinophils from G1 dogs, were significantly higher in the small intestine than in the large intestine, and inversely correlated with parasite burden of the small intestine, indicating that when granulocytic cell counts increased, parasite burden was reduced. Similarly, hyperplasia of granulocytic cells was not observed in the submucosa of the ileum of G1 dogs, in contrast to the high parasite burden found in that intestinal segment. According to Simecka (1998) , antigenic stimuli have been identified at particular sites in the intestinal mucosa (e.g., the first portion of the small intestine). However, the response to these stimuli, including the secretion of inflammatory mediators and cellular sensitivity, can extend to other intestinal portions, possibly through blood and lymphatic vessels in the intestinal mucosa, Peyer's patches, and/or mesenteric lymph nodes. Thus, despite the absence of intestinal amastigotes in dogs from the G2 group, it is possible that antigenic stimuli in other organs such as the liver, spleen, lymph nodes, and/or bone marrow could have extended their protective effect to the intestinal mucosa of those dogs, which may explain the hyperplasia of polymorphonuclear cells (PMNs) and mast cells in the intestine and indicate that this acute inflammatory process prevented the intestinal infection by the parasite.
At the beginning of infection, Leishmania spp. may be able to inhibit the neutrophil oxidative metabolism to prolong the survival of cells and parasites inside the cells. This causes the neutrophils to act as a 'Trojan horse', enabling the expansion and replication of the parasite in neutrophils and in the host (LAUFS et al., Figure 4 . Mean number of mast cells across crypt-villus units (CVU), submucosa (SB), and muscle layer (ML) of the duodenum, jejunum, ileum, and colon of dogs with visceral leishmaniasis and infected with L. infantum amastigotes in the intestine (G1 = 8), dogs with leishmaniasis, but no intestinal amastigotes (G2, n = 9), and uninfected dogs (control group, G3 = 3). The standard deviation (SD) of the mean is represented by the vertical lines above the bars. Different lowercase letters (a / b / c) indicate statistical difference between (G1, G2, and G3) within each intestinal segment at 5% probability (p ≤ 0.05). Analysis of variance (ANOVA), and Tukey's test. Program R version 3.1.1 (R CORE TEAM, 2018). Ilha Solteira, SP, Brazil, 2018 Brazil, . 2002 LASKAY et al., 2003) . In contrast, increased production of superoxide molecules has been observed in neutrophils of dogs with established CVL (CIARLINI et al., 2010; GÓMEZ-OCHOA et al., 2010) , which could contribute significantly to the cellular oxidative stress able to kill the parasites. In the current study, we observed neutrophil hyperplasia in dogs from the G1 and G2 groups, mostly in CVUs. However, we did not evaluate the oxidative metabolism or the production of superoxide by these cells, which could have indicated their participation in the establishment of infection in the intestinal tract of animals from the G1 group and played a role in preventing infection in the intestinal tissues of dogs from the G2 group, even though neutrophil hyperplasia could also indicate an acute inflammatory process. Regardless of the fact that L. infantum may regulate or inhibit neutrophil action, neutrophils still play an important role against other infections that may develop in dogs with CVL, mainly secondary infections caused by immunosuppressive pathways mediated by the parasite. Because of their intense phagocytic role, neutrophils receive stimuli from toll-like receptors to recognize pathogen-associated molecular patterns (PAMPs) to eliminate intracellular parasites (MESQUITA, 2008) .
Eosinophil hyperplasia was also significant in intestinal tissues of L. infantum-infected dogs (G1 and G2 groups). It is believed that the activation of eosinophils in a microenvironment containing IFN-γ would lead to the stimulation of various inflammatory mediators. In addition, the expression of receptors such as toll-like receptor 4, 7, and 8 on the cell surface of IFN-γ-activated eosinophils could represent an important route of eosinophil-Leishmania spp. interaction that would promote the elimination of the parasite by these cells (NAGASE et al., 2003) . Thus, the increase in eosinophil counts in the intestinal tract of dogs with L. infantum amastigotes (G1 group) could represent an additional leishmanicidal mechanism. However, more studies are needed to determine the role of eosinophils in combating L. infantum infection.
Mast cell numbers were also significantly higher in the intestinal tissues of infected dogs (G1 and G2) compared to controls. According to Levy & Frondoza (1983) , mast cells are associated with parasitic infections, but can also mediate protection against bacterial pathogens (HENZ et al., 2001) , and are important sentinels of innate immunity cells for host defense against intracellular pathogens (MAURER et al., 2006 ). In the current study, mast cells were detected in villi and crypts, in the submucosa, and associated with the myenteric nervous plexus of the smooth muscle layers of the small intestine of L. infantum-infected dogs with and without L. infantum amastigotes, suggesting that intestinal mast cell hyperplasia is linked to host defense activities (MAURER et al., 2006) .
According to Maurer et al. (2006) , mast cells are one of the first cells to arrive at the site of infection, and by releasing inflammatory mediators, can recruit pro-inflammatory cellular elements such as neutrophils, macrophages, and dendritic cells in an attempt to cause an unfavorable environment for parasite survival. In our study, granulomatous processes were noted in G1 samples, usually in the mucosa and submucosa with presence of macrophages and other mononuclear cells. Thus, the mast cells observed in the intestines of G1 dogs may be involved in macrophage recruitment and granuloma formation. The protection triggered by mast cells depends on the pathological effects of parasitic infection that mediate the innate immune response (VON STEBUT et al., 2003) .
There was a significant reduction in the number of PMN cells (neutrophils and eosinophils) and mast cells in dogs from G1 in relation to G2, but cell counts in G1 dogs were significantly higher than in uninfected controls (G3). This result suggests that parasites in the intestinal tract of G1 dogs are adapted to the host immune system leading to immune regulation and increasing the parasite survival, which may explain the reduction in cell counts from G2 to G1. Consistently, Pinto et al. (2011) suggested that L. infantum amastigotes may benefit from the intestinal immune regulatory response due to immune tolerance. In addition, the presence of parasites in G1 dogs may explain the difference in cell numbers when compared with healthy negative controls.
Many factors have been implicated in immunosuppression in VL: soluble IL-2 receptor (BARRAL-NETTO et al., 1991) , defective antigen-presenting cell function (REINER et al., 1987; RODRIGUES-JÚNIOR et al., 1992) , TGF-β (RODRIGUES et al., 1998) inhibition of macrophage activity (KEHRL et al., 1986) , and reduced production of nitric oxide (NO) (MELBY et al., 2001) . Possibly some of these factors have contributed to an immune regulation in the intestine of G1 dogs, increasing the survival of the parasite in this organ; however, none of these mechanisms was evaluated in our study, and further research is needed to determine the role of immunosuppression in intestinal wall of dogs with L. infantum.
We found a significant positive correlation between mast cell and eosinophil numbers in the small and large intestine of G2 dogs. In contrast, in G1 and in the uninfected control group (G3), there was no significant correlation between mast cells and eosinophils. Meeusen & Balic (2000) reported that mast cells, natural killer (NK) cells, and intraepithelial lymphocytes (IELs) can secrete IL-5, which induces the proliferation and migration of eosinophils from the bone marrow to the site of infection. Thus, the positive correlation between mast cells and eosinophils observed in the intestinal wall of G2 dogs suggests a possible synergy between these two cell types, with mast cells recruiting eosinophils during infection. Conversely, in uninfected dogs (G3), the eosinophil-recruiting activity of mast cells may be suppressed, resulting in a diminished eosinophil population.
Conclusions
Granulocytic cell hyperplasia (neutrophils, eosinophils, and mast cells) was detected in the intestinal wall of L. infantum -infected dogs with (G1 group) and without (G2 group) intestinal amastigotes in small and large intestine. In addition, cell counts were significantly higher in G2 than G1, and there was a low inverse correlation between parasite burden and granulocyte counts in the small intestine of G1 dogs, suggesting that these cells may be involved in cell-mediated immune response and parasite elimination.
The positive correlation between mast cells and eosinophils observed in the intestinal wall of G2 dogs provides evidence of synergy between these cells, whereby mast cells recruit eosinophils to the intestine before the establishment of the parasite infection.
